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Embossed  materials  needed  in  rehabilitation  of  the  blind  require  both  verbal 
and  graphic  forms  of  communication.  Braille,  which  is  highly  developed  and  stand¬ 
ardized,  fills  the  requirement  for  embossed  verbal  communication.  However,  means 
available  for  embossed  graphic  communication,  i.  e,  through  maps,  graphs,  charts, 
and  diagrams,  are  still  relatively  crude.  Lack  of  identification  of  clearly 
discriminable  tactual  symbols  and  lack  of  knowledge  of  factors  that  determine 
tactual  figure-ground  relations  have  seriously  impeded  development  in  this  area. 

Three  types  of  symbols;  areal,  linear,  and  point,  are  needed  for  graphic 
communication.  The  number  of  discriminable  tactual  symbols  possible  in  any  given 
size  appears  dependent  upon  the  medium  in  which  symbols  are  reproduced.  For  ex¬ 
ample,  the  number  of  small  symbols  which  can  be  reproduced  through  embossing 
paper  is  extremely  limited.  Heath  (1958)  explored  the  usefulness  of  Virkotype 
printing  for  the  reproduction  of  tactual  graphics  and  successfully  identified  dis¬ 
crete  tactual  symbols  for  area.  However,  methodological  problems  restricted  the 
number  of  discrete  symbols  identified  to  below  an  acceptable  minimum.  Morris  (i960) 
and  her  coworkers  at  the  American  Printing  House  for  the  Blind  extended  this  work 
and  were  able  to  identify  8  discrete  symbols  for  area.  Foulke  and  Morris  (i960) 
described  the  successful  learning  and  retention  of  associations  between  these 
tactual  symbols  and  sets  of  auditory  symbols. 

The  purpose  of  this  research  is  to  identify  sets  of  discrete  symbols  for 
graphic  representation  of  lines  and  points. 


Proposed  Methodology:  The  Virkotype  printing  process  will  be  used  to  reproduce 

the  symbols.  Virkotype  printing  utilizes  a  plastic  ink  which  when  heated  produces 
an  embossed  image  with  a  height  of  approximately  .001*5  inch.  Previous  research 
(Heath,  1958)  has  indicated  that  this  degree  of  embossage  is  clearly  perceptable 
tactually  to  the  blind. 

The  project  will  consist  of  two  sets  of  identical  experiments.  The  subjects 
of  one  set  of  experiments  will  be  tactual  symbols  for  representing  lines  and  the 
subject  of  the  second  set  of  experiments  will  be  symbols  for  representing  points. 
Experiment  I  of  each  set  will  compare  pairs  of  symbols  to  determine  the  degree  to 
which  they  can  be  discriminated.  Experiment  II  of  each  set  will  determine  how 
long  it  takes  the  blind  to  learn  to  recognize  the  symbols  and  will  also  test  how 
well  they  are  remembered  after  passage  of  a  period  of  time. 


Design  of  Experiment  I 

Purpose:  (a)  To  empirically  establish  the  comparative  degree  of  discrimi- 

nability  of  tactual  symbols  (for  points  and  lines). 

(b)  To  determine  if  differences  to  discriminate  these  patterns 
exist  between  different  groups  of  blind  children. 
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Hypotheses: 


Subjects: 


1.  There  ere  no  differences  in  ability  to  discriminate  tactual 
symbols  among  blind  children  at  different  educational  levels. 

2.  There  are  no  differences  in  ability  to  discriminate  tactual 
symbols  among  blind  children  according  to  sex. 

3.  There  is  no  relation  between  blind  children's  chronological 
age  and  their  ability  to  discriminate  tactual  symbols. 

Ninety-six  children  grouped  as  follows  and  equally  divided  among 

grades. 

12  girls  and  12  boys  from  the  Uth  and  5th  grades 

12  girls  and  12  boys  from  the  6th  and  7th  grades 

12  girls  and  12  boys  from  the  8th  and  9th  grades 

12  girls  and  12  boys  from  the  10th,  11th,  and  12th  grades 


Subjects  included  only  legally  blind  children  whose  vision  was  no  greater 
than  light  perception.  The  subjects  were  all  Braille  readers  who,  in  the  opinion 
of  their  teachers,  were  doing  acceptable  school  work  at  the  level  of  grade  assign¬ 
ment.  The  subjects  included  all  children  meeting  these  standards  who  were  enrolled 
in  a  residential  school  for  the  blind.  Additional  subjects  were  randomly  selected 
from  their  respective  classes  in  another  school. 

Procedure:  The  test  used  was  composed  of  18  different  tactual  symbols  in  a 

pair-comparison  arrangement.  Every  symbol  was  paired  with  itself  and  every  other 
symbol  resulting  in  171  combinations  of  stimuli.  The  symbols  were  printed  on 
5"  x  8"  cards.  The  serial  order  of  presentation  of  the  pairs  was  randomized  using 
a  table  of  random  numbers.  Pictures  of  the  point  and  linear  symbols  appear  in 
Figure  1. 

The  task  for  each  subject  was  to  judge  whether  the  stimuli  in  the  pairs  were 
alike  or  different.  Individual  testing  occurred  in  an  isolated  environment.  No 
time  limits  for  the  judging  of  each  pair  were  set.  Estimated  testing  time  was 
30-1*5  minutes  per  subject. 

Criteria  for  acceptance  of  a  symbol  were  (l)  average  confusion  with  other 
acceptable  symbols  should  be  5$  or  less  and  (2)  confusion  with  itself  or  ary  other 
single  symbol  acceptable  by  criterion  (l)  should  be  10$  or  less.  In  addition,  for 
any  set  of  symbols  acceptable  by  criteria  (l)  and  (2),  there  should  be  no  signi¬ 
ficant  differences  in  discriminability  of  acceptable  symbols  among  children  in 
grades  ranging  from  1*  through  12, 

Data  Analysis: 

1,  The  total  number  of  errors  in  judgement  were  computed  for: 

a,  each  pair  of  symbols 

b,  each  tactual  symbol 

c,  each  subject 

2.  Proportion  of  errors  to  the  total  number  of  judgements  was 
computed  for: 

a,  each  pair  of  symbols 

b,  each  tactual  symbol 


FIGURE  I 

PATTERNS  COMPARED  FOR  POSSIBLE  USE  AS  TACTUAL  SYMBOLS 
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A  two-way  analysis  of  variance  design  was  used  to  determine 
if  significant  differences  existed  between  groups  on  the  basis 
of  sex  or  educational  level.  Differences  at  the  5%  level  of 
confidence  were  taken  as  significant. 

U.  A  product-moment  correlation  coefficient  was  computed  for  total 
number  of  correct  judgements  per  subject  and  chronological  age. 


Design  of  Experiment  II 

This  part  of  the  study  was  not  attempted  due  to  failure  to  identify  a  suffi¬ 
cient  number  of  discriminable  point  or  line  symbols  in  Experiment  I. 

(a)  To  determine  if  the  blind  can  learn  to  recognize  tactual 
symbols. 

(b)  To  determine  how  well  the  blind  can  recall  tactual  symbols. 

(c)  To  compare  tactual  symbols  for  discriminability  and  ease  of 
recognition  learning. 

1.  No  differences  exist  among  blind  individuals  in: 

a.  Their  abilities  to  learn  to  recognize  tactual  symbols. 

b.  Their  abilities  to  recall  tactual  symbols  after  a  28 
day  period. 

2.  No  differences  exist  between  tactual  symbols  in: 

a.  The  number  of  trials  it  takes  blind  students  to  learn  to 
recognize  them. 

b.  The  number  of  trials  it  takes  to  recall  them  after  a 
28  day  interval. 

3.  No  relationship  exists  between  the  degree  of  discriminability 
and  learning  time  for  12  tactual  symbols. 

Subjects:  Twenty  boys  and/or  girls  from  grades  6-12  of  a  residential  school 

for  the  blind.  All  subjects  will  be  legally  blind  with  vision  not  exceeding  light 
perception.  All  will  be  Braille  readers  who,  in  the  opinion  of  their  teachers, 
are  doing  acceptable  school  work  at  the  level  of  grade  assignment. 

Procedure:  The  same  12  tactual  symbols  used  in  Experiment  I  will  be  individually 

produced  on  5U  x  8"  cards.  Each  symbol  will  be  paired  with  a  letter  of  the  Inter¬ 
national  Phonetic  Alphabet.  The  task  for  the  subject  will  be  to  learn  to  associate 
the  tactual  symbol  with  its  phonetic  name. 

Recognition  Training:  Each  subject  will  be  given  ten  series  of  twelve  trials 

for  each  of  10  consecutive  school  days  or  until  recognition  of  the  list  of  12 


Purpose: 


Hypotheses : 
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symbols  is  perfect  for  three  consecutive  series  of  trials.  The  total  number  of 
trials  for  any  one  subject  will  not  exceed  1200.  The  order  of  symbols  will  be 
randomized  within  each  series  using  a  table  of  random  numbers.  . 

The  paired-associates  method  of  presentation  will  be  employed.  During  the 
first  two  series  the  subject  will  feel  the  symbol  15  seconds  at  which  time  the 
Phonetic  name  of  the  symbol  will  be  given  orally  by  the  experimenter. _  For  the 
rest  of  the  series  the  subject  will  feel  each  symbol  and  attempt  to  give  it  the 
correct  name.  The  experimenter  will  indicate  whether  or  not  the  name  is  correct 
and  in  the  latter  case  provide  the  correct  name  before  going  on  to  the  next  symbol, 


Recall  Training:  The  procedure  will  duplicate  that  for  recognition  training 

except  the  procedure  for  the  first  two  series  will  be  omitted. 


Data  Analysis: 

1.  Draw  learning  curves 

a.  Total  group  on  all  tactual  symbols. 

b.  Total  group  on  each  tactual  symbol. 

2.  Draw  recall  curves 

a.  Total  group  on  all  tactual  symbols. 

b.  Total  group  on  each  tactual  symbol. 

3.  Analysis  of  variance  between  means  of  individuals  for: 

a.  Recognition  learning  series 

b.  Recall  series 

U.  Analysis  of  variance  between  means  of  symbols  for: 

a.  Recognition  learning  series 

b.  Recall  series 

5.  Compute  the  rank  order  correlation  coefficient  between  symbols 
ranked  or  order  of  discriminability  (Exper,  I)  and  ease  with 
which  they  were  learned. 


Results  to  Date 

Experiment  I  was  carried  out  with  the  cooperation  of  the  Texas  and  Indiana 
Schools  for  the  Blind.  A  change  was  made  in  the  original  plan  so  that  18  possible 
symbols  were  studied  in  each  category  instead  of  12, 

Tables  1  and  2  are  matrices  which  give  the  percent  of  error  in  judgements  of 
each  symbol  in  comparison  with  every  other  symbol  and  with  itself.  An  error  for 
odd  pairs  is  a  judgement  of  "alike”  and  an  error  for  similar  pairs  is  a  judgement 
of  "unalike".  Inspection  of  the  matrices  reveals  many  pairs  of  symbols  which 
fall  within  acceptable  limits  according  to  one  of  the  criteria  previously  described. 
However,  inspection  also  reveals  that  only  U  linear  symbols  and  only  1  point  symbol 
meet  the  criterion  of  10$  or  fewer  errors  in  comparisons  with  themselves.  Therefore, 
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neither  set  of  symbols  contains  a  number  of  acceptable  symbols  large  enough  for 
practical  use. 


TABLE  I 


Percent  of  Error  in  Discriminating  Difference  or  Likeness  in 
Each  of  171  Combinations  of  18  Different  Linear  Symbols  (N=96) 
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TABLE  2 


Percent  of  Error  in  Discriminating  Difference  or  Likeness  in 
Each  of  171  Combinations  of  18  Different  Point  Symbols  (N=96) 
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The  errors  in  judging  "alike"  symbols  obtained  in  this  study  far  exceed  in 
size  those  reported  by  Morris  (i960).  One  major  difference  existed  between  the 
two  studies:  Morris  compared  12  symbols  while  the  present  study  compared  18  sym¬ 
bols.  In  the  study  of  Morris  were  12  pairs  of  "like"  symbols  and  66  pairs  of 
"unlike"  symbols  with  correct  "like"  judgements  constituting  19$  of  the  total. 

In  the  present  study  were  18  pairs  of  "like"  symbols  and  193  rairs  of  "unlike" 
symbols  with  "like"  judgements  constituting  almost  10$  of  the  total.  The  possi¬ 
bility  exists  that  the  differential  in  the  ratio  of  "like-unlike"  responses  was 
sufficient  to  introduce  a  response  set  toward  "unlike"  responses  for  subjects  in 
the  present  study.  It  appeared  essential  to  test  this  possibility  before  pro¬ 
ceeding  further. 

To  this  end  the  first  study  was  replicated  using  12  of  the  best  symbols  of 
each  type.  Analysis  of  the  previous  data  had  indicated  that  sex  was  not  an  im¬ 
portant  variable  but  that  between  grade  differences  may  exist  in  symbol  discrimi- 
nability.  Therefore,  grade  separations  were  retained.  Forty-seven  students  in 
grades  U-12  of  the  Tennessee  School  for  the  Blind  participated  in  the  second  study. 
Results  are  presented  in  Tables  3  2nd  k  which  are  matrices  of  percent  of  the  total 
number  cf  judgements  in  error  for  each  combination  of  symbols. 
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TABLE  3 


Percent  of  Error  in  Discriminating  Difference  or  Likeness  in 
Each  of  78  Combinations  of  12  Different  Linear  Symbols  (N=i|8) 
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TABLE  li 

Percent  of  Error 

in  Discriminating  Difference  or 

Likeness  in 

Each  of  78  Combinations 

of  12 

Different  Point  Symbols 

(N=ii7 ) 

Points 
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02 
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08 

K 

08 
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00 

00 

00 

00 

00 
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00 
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08 
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19 
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02 

N 
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00 
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Inspection  of  the  data  in  Tables  3  and  ii  reveal  results  similar  to  those  pre¬ 
viously  obtained.  However,  no  significant  difference  in  discriminability  by  grade 
levels  was  found.  Many  "unlike"  symbol  pairs  show  error  scores  falling  within  the 
limits  set  by  the  criteria.  However,  when  "like"  combinations  are  considered,  it 
is  found  that  only  5  linear  symbols  and  only  5  Point  symbols  meet  the  criterion  of 
10%  error  or  less.  Again,  these  numbers  of  distinct  linear  and  point  symbols  are 
too  few  for  practical  use. 
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Comparison  of  the  frequency  of  errors  for  both  "like"  and  "unlike"  when  18 
symbols  are  judged  as  opposed  to  12  symbols  yields  a  chi  square  of  .  06  for  the 

line  symbols  and  a  chi  square  of  2.95  for  the  point  symbols.  Both  these  indices 

are  below  the  chi  square  value  of  3.8h  required  for  statistical  significance  at 
the  5$  level  of  confidence.  Therefore,  the  hypothesis  that  a  response  set  is 
involved  is  not  supported. 

Morris  (i960)  reported  an  equal  proportion  of  errors  for  both  "like"  pairs 
(.09)  of  symbols  and  "unlike"  pairs  (.09).  In  the  present  study,  when  18  symbols 
are  compared  errors  for  point  symbols  are  30$  for  "like"  pairs  and  8$  for  "unlike" 

pairs  and  errors  for  line  symbols  are  18$  for  "like"  pairs  and  10$  for  "unlike" 

pairs.  When  12  symbols  are  compared  errors  for  point  symbols  are  26$  for  "like" 
pairs  and  lh$  for  "unlike"  pairs  and  errors  for  line  symbols  are  17$  for  "like" 
pairs  and  15$  for  "unlike"  pairs.  All  the  differences  among  "like"  and  "unlike" 
pairs  in  percent  of  errors  made  are  significant  at  beyond  the  1$  level  of  confi¬ 
dence.  The  data  indicate  that  some  intrinsic  characteristic  of  the  symbols  them¬ 
selves  may  lead  to  confusion  among  "like"  pairs. 

Throughout  the  studies  employing  Virkotyre  printing  as  a  medium,  it  had  been 
apparent  that  visually  detectable  variation  occurred  in  reproductions  of  the  same 
symbol.  The  effects  of  this  variation  were  studied  for  areal  symbols  and  appeared 
negligible  because  percentages  of  error  for  both  kinds  of  comparisons  were  identi¬ 
cal.  Because  linear  and  point  symbols  are  by  definition  much  smaller  than  areal 
symbols,  small  variations  within  symbols  resulting  from  the  production  processes 
may  have  far  greater  effects.  It  was  suspected  that  production  variations  within 
individual  symbols  were  responsible  for  the  greater  proportion  of  errors  within 
pairs  of  "like"  symbols.  If  this  were  true,  it  appeared  that  confusion  of  "like" 
pairs  would  occur  more  frequently  among  highly  sensitive  subjects  than  among  sub¬ 
jects  low  in  sensitivity.  A  test  of  the  relative  number  of  errors  for  "like"  and 
"unlike"  pairs  made  by  20$  of  the  group  making  the  highest  correct  scores  and  20$ 
of  the  group  making  the  lowest  correct  scores  should  serve  as  a  check  of  this 
assumption.  Table  5  gives  comparative  data  from  the  first  study  which  shows  that 
the  more  sensitive  group  made  a  significantly  greater  proportion  of  errors  on  "like" 
pairs  of  both  linear  and  point  symbols. 


TABLE  5 

Comparison  of  Percent  of  Errors  Made  on  Like  and  Unlike  Pairs 
by  20  Subjects  Making  the  Highest  Total  Number  of  Correct  Judge¬ 
ments  and  20  Subjects  Making  the  Lowest  Number  of  Correct 

Judgements 

Point  Errors  Linear  Errors 


Like 

Unlike 

Like 

Unlike 

Group 

Pairs 

Pairs 

Total 

Pairs 

Pairs 

Total 

Best  20  Subjects 

U2$ 

58$ 

160 

32$ 

68$ 

183 

Poorest  20  Subjects 

12$ 

88$ 

779 

h% 

96$ 

llhh 

Chi  Square  = 

90.09* 

Chi  Square  = 

163.03* 

*  Significant  beyond  the  1$  level  of  confidence. 
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These  findings  indicate  that  intra-symbol  differences,  resulting  from  the 
production  processes,  are  great  enough  to  contribute  to  a  large  proportion  of 
error  among  the  more  highly  discriminating  subjects.  This  amount  of  error  arrears 
great  enough  to  render  symbols  reproduced  in  the  Virkotype  medium  impractical  for 
everyday  use.  Therefore,  as  previously  indicated  Experiment  II  was  not  carried  out. 


Plans  for  the  Period  1  September  1961  -  31  August  1962 

It  is  proposed  to  replicate  this  years  work  utilizing  a  new  medium  for  graphic 
reproduction.  This  medium,  vacuum  formed  plastic,  has  already  found  wide  use  for 
this  purpose.  Exploratory  work  to  date  indicates  a  high  probability  for  success 
through  use  of  this  method. 

The  research  to  be  undertaken  during  this  period  would  involve  the  following 
steps. 

1.  Confirm  that  the  eight  areal  symbols  identified  by  Morris  (i960)  retain 
their  discriminability  when  reproduced  in  vacuum  formed  plastic.  The  method  would 
be  that  of  Experiment  I  modified  so  that  only  1|8  subjects,  12  at  each  grade  group¬ 
ing,  would  be  used. 

2.  Test  discriminability  and  ease  of  learning  for  the  linear  and  point 
symbols  previously  studied  when  vacuum  formed  plastic  is  the  medium  for  reproduc¬ 
tion.  The  methods  employed  would  be  those  of  Experiments  I  and  II  which  were 
previously  described. 

3*  Undertake  the  design  of  a  map  and  a  graph  using  the  symbols  developed. 
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